In Escherichia coli, negatively supercoiled DNA is required for many important cellular processes (7, 16, 17) . Gyrase and topoisomerase I are the major enzyme activities responsible for the regulation of DNA supercoiling in E. coli (20) . The expression of these two activities is controlled by homeostatic regulation of the transcription of their genes (10, 18, 19) . Like other eukaryotic type I DNA topoisomerases, vaccinia virus topoisomerase I differs from the bacterial topoisomerase I in its ability to relax both negatively and positively supercoiled DNA (14) . Its gene has been cloned into the multiple cloning site of the plasmid pUC19 (15) . In the resulting plasmid p1940, the vaccinia virus topoisomerase I gene has the orientation opposite that of lacZ. Nevertheless, we found that Mg2e-independent relaxation activity compensate for the loss of the chromosomal E. coli topoisomerase I activity at 42°C caused by the inactivation of a ts suppressor. The transformant was grown in Luria broth containing ampicillin at 30°C. Serial dilutions of the culture were plated and incubated at both 30 and 42°C. We found that the presence of p1940 did not increase the viability of AS17 at 42°C (data not shown).
We then examined whether mutations in genes coding for DNA gyrase can affect tolerance for p1940 at 42°C. Strain CKRO1 carrying p1940 lost viability when grown at 42°C to the same extent as did MV1190 (Fig. 2) . Cells of the corresponding isogenic strain CKR5 (gyrA224) carrying p1940 did not die at 42°C. Identical rates of growth were obtained with CKR5 carrying p1940 and p1940A. Similar results were obtained with the isogenic strains CSDO1 (gyrB+) and CSD5 (gyrB225), as shown in Fig. 2C and D, respectively. These two gyrase mutations are known to reduce gyrase activities (6, 12) . Gyrase activity in E. coli can also be reduced by the inhibitor novobiocin. In the presence of 50 ,ug of novobiocin per ml, the CKRO1 transformants were found to have reduced growth rates at 30°C, but transformants with p1940 and p1940A showed identical growth rates at 42°C (data not shown), indicating that the presence of active vaccinia virus topoisomerase I did not lead to reduction in the number of viable cells. Plasmid p1940 extracted from E. coli MV1190, HB101, RR1, CKRO1, CKR5, CSDO1, and CSD5 always appeared as a dimer during agarose gel electrophoresis regardless of the recA, gyrA, or gyrB genotype (data not shown). In contrast, monomers can readily be observed in the preparations of vaccinia virus topoisomerase frameshift mutant plasmids p1940A and p1940B (constructed by filling in theAflll site in p1940).
We monitored the stability of the p1940 dimer in MV1190. Cells were grown at 30°C for 3 h and then shifted to 42°C. Samples were removed every 90 min for plasmid DNA preparation by the alkaline lysis method (1) . The volume of cells used was adjusted according to the optical density at 600 nm so that approximately the same number of cells was used for each plasmid preparation. As shown in Fig. 3 selection at 42°C is likely due to mutation in the plasmid replication region or possibly a host mutation that suppresses plasmid copy number. Plasmids p1940A and 1940B persisted at 42°C with no reduction in copy number (data not shown).
MV1190 cells from the above experiment were also used for preparation of crude extract (20) . Figure 4a showed that there was increased DNA relaxing activity in extracts prepared from cells grown at 42°C. After 8 h of growth at 42°C, a fivefold dilution of the extract had higher activity than the crude enzyme extract obtained from cells grown at 30°C.
Total RNA was extracted (13) from MV1190 cells grown at 30°C, as well as from cells grown for 3 h at 30°C and then for 3 or 7 h at 42°C. Ten micrograms of total RNA was blotted onto nitrocellulose and hybridized (9) with a 32P-labeled oligonucleotide complementary to the coding sequence from amino acid 18 to 29 of the vaccinia virus topoisomerase I. Densitometer scanning of the results in Fig. 4b showed a sixfold increase of vaccinia virus topoisomerase mRNA after 7 h at 42°C.
The induction of vaccinia virus topoisomerase I at 42°C is probably due to increased transcription from a cryptic heat shock promoter. Unfortunately, our efforts in mapping the 5' end of the vaccinia virus topoisomerase I mRNA have been unsuccessful. The DNA sequence upstream of the vaccinia virus topoisomerase I coding sequence was analyzed for the presence of the E. coli heat shock promoter sequence. There was no obvious match to the consensus sequence TCTC-NCTTGAAN1317CCCCATNTA (5) .
Plasmid p1940 extracted from MV1190 grown for 3 or 7 h after being shifted to 42°C was analyzed by two-dimensional gel electrophoresis. The results in Fig. 5 showed that a substantial portion of p1940 became relaxed. In contrast, p1940 extracted from cells grown at 30°C was always negatively supercoiled. The mutated plasmid p1940B, which does not produce vaccinia virus topoisomerase I, was always supercoiled.
The bacterial (20), was incubated with 300 to 500 ng of plasmid pBR322 DNA in 20 ,ul of 40 mM Tris-HCl (pH 7.5)-100 mM NaCl-2.5 mM EDTA at 37°C for 30 min. The reaction was stopped by the addition of sodium dodecyl sulfate to 1%, and the mixture was heated at 60°C for 20 min and then electrophoresed in a 0.8% agarose gel with TAE buffer. The gel was stained with ethidium bromide and photographed under UV light. Lane 1, control, DNA with no extract added. The extracts added to lanes 2 to 4 were obtained from overnight cultures of MV1190 with plasmid p1940B grown at 30°C (lane 2), with plasmid p1940 grown at 30°C (lane 3), or with plasmid p1940 grown at 42°C (lane 4). Extracts added to lanes 5 to 10 were obtained from an experiment in which MV1190/pl940 was grown first for 3 h at 30°C, and then half of the culture was grown at 42°C (lanes 6, 7, 9, and 10) while the other half of the culture remained at 30°C (lanes 5 and 8). The cells were removed for extract preparation at 3.5 h (lanes 5, 6, and 7) or 8 h (lanes 8, 9, and 10) after the shift. eukaryotic topoisomerase I expressed at 30°C. However, when vaccinia virus topoisomerase I expression was induced at 42°C, the cell lost its viability. This is in agreement with the toxic effect previously reported for overexpression of the yeast and vaccinia virus topoisomerase I in E. coli (2, 11) .
The toxicity is likely due to the effect of the enzyme on DNA supercoiling.
The expression of yeast topoisomerase I has been reported to complement the conditional lethal topA mutation in AS17 (2) . Previous studies have shown that the in vitro activity of the vaccinia virus topoisomerase I is not de- creased by preincubation or assay at 42°C (11) . The twodimensional gel electrophoresis analysis also showed that the vaccinia virus topoisomerase I expressed from p1940 is active in vivo at 42°C. Therefore, apparently, the harmful effects of expression of vaccinia virus topoisomerase I and the lack of E. coli topoisomerase I do not counteract each other to allow viability of AS17 at 42°C. In contrast, reduction of gyrase activity by either mutations in the gyrA and gyrB genes or the presence of the gyrase inhibitor novobiocin allowed growth of E. coli with p1940 at 42°C. The explanation for this compensatory effect is not clear and will be further investigated in the future.
